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CHAPTER - 1 
INTRODUCTION 
Mutagenesis is described as the exposure or treatment of biological 
material to a mutagen i.e., a physical or a chemical agent that raises the 
frequency of mutation above the spontaneous rate. (Rieger et al, 1976). It 
has been recognized as the most efficient method for induction of 
morphological and genetical variabilities in the plants especially in those 
with limited genetical variability. 
In the present biotechnology era also its importance will continue, 
because in plants, the gene replacement experiments through homologous 
recombination with introduced DNA sequences have met with limited 
success. (Hohn and Puchta, 2003) and also traditional mutagenesis is the 
only way that can give rise to many different mutant alleles with different 
degree of trait modifications. Physical and chemical mutagens have been 
successfully used in mutation breeding programmes to artificially 
generate variations for the development of new varieties with improved 
traits, such as increased yield, earliness, reduced plant height, and 
resistance to disease (Maluszynksi, 2001). In recent years, mutation 
induction has also become a powerful tool for investigation of gene 
function and expression (Li et ai, 2001; Scheid et al, 1998). 
India has also become a major recognized centre for work on 
induced mutations and second largest contributor of mutant varieties in 
the world. In India, mutagenesis work started in 1930's on a small scale 
and by 2004 about 313 mutant varieties of more than 50 crop species for 
commercial purpose have been released (Chopra, 2005) through mutation 
breeding at some of major research centres (lARI, BARC, NBRI, 
TNAU). A data about mutant varieties released in India is shown in Talilc 
A and B. 
Table A: Mutant varieties of different crops released for 
cultivation in India 
Crop 
Cereals 
Pulses 
Oilseeds 
Fibre crops 
Vegetables 
Cash crops 
Medicinal crops 
Fruit trees 
Forage crops 
Ornamentals 
No. of varieties re 
69 
53 
33 
14 
12 
10 
16 
2 
1 
103 
leas 
Source: Chopra V.L., Current Science, Vol. 89 (2), 2005: 357. 
Table B: Mutagens used and trait improved in mutant 
cultivars released in India 
Mutagen 
Gama rays 
X-rays 
Neutrons 
No. of 
mutants 
169 
26 
Ethyl methane sulphonate 
Dimethyl sulphate (DMS) 
Ethylene imine (EI) 
Main attribute 
High yield 
Early maturity 
15 
Disease resistance 
Quality characters 
Grain quality 
Abiotic stress resistance 
No. of 
occurrence 
86 
65 
r ^ 
.) / 
39 
67 
65 
Sodium azide (NaN3) 
Other mutagens 
Cross bred 
Natural mutants 
z 
29 
47 
12 
Improved plant type 
Other 
!8i 
9 
Source: Chopra V.L., Current Science, Vol. 89 (2), 2005: 357. 
Reviewing the role of mutation breeding in crop improvement, the 
present investigation has been carried out on a medicinally important 
plant- Cichorium intybus L. (Chicory). 
Chicory (2n=18), a member of family Asteracea is a very ancient 
plant of great medicinal and food value. It has been cultivated for over a 
thousand years, but no great improvement over the wild forms have been 
recorded. 
BOTANICAL NAME: 
Chichorium intybus, Linn 
OTHER NAMES: 
English : 
Indian : 
Arabic : 
Others : 
ECONOMIC VALUE 
Chicory; Wild Endive 
Kasani, Kashini, Kasni 
Hinduba (Tradition); Shikoria 
Endive (Ger.), Intuba (Lat, Ger.); Achicory 
(sp.); Endiev (Fr.) 
Analysis of leaves gave (dry basis): 290 calories per 100 g; water; 
0%; Protein: 24.6g, Fat: 2.9g; Carbohydrate; 59.4g; Fibre: 13g; Ash: 13g, 
Minerals: Calcium-1145 mg; Phosphorus-0.00 mg; Iron-24.6 mg; 
Magnesium-0.00 mg; Sodium-0.00 mg; Potassium- 0.00 mg; Zinc-0.00 
mg; Vitamins: A-23mg; Tliiamine (Bl)-l.Ol mg; Riboflavin (B2)-].74 
mg; Niacin- 5.8mg; B6-0.00 mg; C-159.0 mg. 
Cliicory root is free of iiarmful ingredients and is essentially a 
concentrated combination of three sugars (pentose, levulose and dextrose) 
along with tarazarcine (the bitter principle of dandelion) (Duke, 1983). 
Chemical analysis of fresh roots gave the following values: moisturc-
77.0; Fat-0.6; Cellulose, inulin and fibre-9.0; Gummy mater-7.5; 
Glucose-1.1; Bitter extractives-4.0; and Ash-0.8%. 
Seeds of chicory contain 4.7 percent of an oil with the following 
fatty composition: saturated: 21.7% and unsaturated: 78.3%. Presence of 
tannin phlobaphenes and reducing sugars is also reported in the seeds. 
MEDICINAL VALUE 
Chicory has a long history of herbal use and especially of great 
value for its tonic effect upon the liver and digestive tract. (Chevallier, 
1996). In Indian medicine, it has been used as a tonic (component of 
'Geriforte' and 'Liv-52), curative in acne, opthalmia and inflamed throat. 
The root and leaves are appetizer, depurative, digestive, cholagogue, 
diuretic, hypoglacemic and laxative (Foster and Duke, 1990). However, 
the roots are more active medicinally. A decoction of the root has proved 
to be of benefit in the treatment of jaundice, liver enlargement, gout and 
rheumatism (Grieve, 1984). The root extracts have experimentally 
produced a slower and weaker heart rate (Foster and Duke, 1990). 
Besides this root is said to be an ideal food for diabetics because of its 
inulin content (Launert, 1981). During storage of chicory roots, inulin is 
partially converted to inulide and fructose. 
inulin -^ inulide -^ fructose 
The bitter principle in roots is probably a 'gkicoside" of fructose 
and pyrocatechoic acid and the formula C18H20O6 has been assigned to it. 
Chicory plant is also reported to be useful in fevers, vomiting and 
diarrhoea. Latex present in chicory stems is Eipplied to warts in order to 
destroy them (Duke and Ayensu, 1985). Seeds are also reported lo be 
carminative, cardial and brain tonic and useful in headache and asthma. 
FOOD VALUE: 
Edible parts of the plant are flowers, leaves and roots. The young 
tender leaves are used in salads and also used as an ingredient in typical 
Roman recipes, generally fried with garlic and red pepper. 
Flowers are used raw as an attractive addition to the salad bow 
(Facciola, 1990). 
Roots are used in seasoning soups, sauces and grains and to imparl 
a rich deep colour (Duke, 1983). Roasted root is used as a caffeine free 
coffee substitute (Chiej, 1984). 
OTHER USES: 
The roots have the potential to be used for the production of 
biomass for industrial use. They are rich in the starch 'inulin' which can 
be easily converted to alcohol (Duke, 1983). A blue dye has been 
obtained from the leaves (Grieve, 1984). Flowers are an alternative 
ingredient of herbal compost activator (Bruce, 1977). Dried and 
powdered root mixed with several herbs can be added to a compost heap 
in order to speed up bacterial activity and thus shorten the time needed to 
make the compost. 
OBJECTIVE: 
The reports on induced mutagenesis in chicory are not vci-y 
extensive. So, in the present study, realizing the medicinal and 
commercial importance mentioned earlier of Cichoriiim Intybiis L., the 
mutagenic treatments have been carried out by different concentrations of 
Methyl methane suiphonate (MMS) and Ethyl Methane sulphonate 
(EMS) at seed level to improve its existing qualitative as well as 
quantitative characters. 
The objectives have been summarized below: 
• To study the effect of MMS & EMS on various biological 
parameters such as germination, morphology, pollen fertility, plant 
height, flower, root and seed characters etc. 
• To evaluate the induced chromosomal aberrations in different 
concentrations of mutagens. 
• To assess the magnitude of the genetic variability induced in 
various qualitative and quantitative traits. 
• To generate more variability in yield and yield contributing traits. 
• To select the variants showing increase root mass, because root is 
the main part used in medicine as well as adulterant in coffee. 
TAXONOMIC POSITION: 
Kingdom 
Division 
Class 
Order 
Family 
Tribe 
Genus -
Plantae 
Magnoliophyta 
Magnoliopsida 
Asterales 
Asteraceae 
Cichorieae 
Cichorium 
Species - intybus 
Chicory is the native of the temperate parts of the old world and is 
distributed in Europe, the Mediterranean region and Northern Asia. In 
India, it is grown in Punjab, Andhra Pradesh, Bihar, Assam, Himachal 
Pradesh, Gujarat, Tamil Nadu, Orissa and Kerala. 
BOTANICAL DESCRIPTION: 
Common chicory is an erect or procumbent annual or biennial 
herb, 90-110 cm high. Stem is terete, more or less ribbed, hispid. Leaves 
are sessile or sub-sessile, light or dark green with variable shape, Oblong-
spathulate, coarsely dentate, sparsly hairy on both surfaces, hastate at the 
base often with curled margins, flower-heads bright blue clusters, 
combined into leafy panicles, involucral bracts. Corolla ligulate, the 
flowers are hermaphrodite. Fruit achenes, 5-angled, pale, brown glabrous 
with a ring of scaly papus. The plant is self-fertile with tap roots. 

CHAPTER - 2 
MATERIALS AND METHODS 
2.1 MATERIALS 
The following materials were used in present study: 
2.1.1 Seeds 
Healthy seeds of Cichorium intybus procured from Ajmal Khan 
Tibbiya College, AMU, Aligarh. 
2.1.2 Mutagens 
Ethyl methane sulphonate (EMS, C3H8O4S) and Methyl Methane 
Sulphonate (MMS, C2H6O3S) manufactured by SISO Research 
laboratories Pvt. Ltd., Bombay. 
Both the mutagens EMS and MMS are alkylating agents with a 
molecular weight 124.16 and 110.4 g/mol respectively having structural 
formula as shown below: 
CH3-S-O-CH3 H3C^^^st;^/C2H5 
0 
MMS EMS 
2.2 METHODS 
2.2.1 Preparation of stock solution 
Stock solution of 1% was prepared separately for both the 
mutagens (MMS and EMS) by adding 1ml of mutagen in 100 ml of 
phosphate buffer solution maintained at pH-7. Then the stock solutions of 
EMS and MMS were diluted to make the required concentrations by 
using the formula: 
Si V,. =S2V2 
Where, S] = Strength of stock solution 
V] = Volume of stock solution 
S2 = Strength of desired solution 
V2 = Volume of desired solution 
The following concentrations of mutagens have been used:-
EMS - 0.10, 0.25, 0.40, 0.55, 0.70 and 0.85% 
MMS - 0.04, 0.06, 0.08, 0.10, 0.20 and 0.40% 
As MMS is more toxic than EMS, comparatively lower doses of 
MMS have been preferred in the present study, (Minocha and Arnason. 
1962). 
2.2.2 Selection, presoaking and treatment of seeds 
Sets of 100 healthy seeds of chicory, presoaked for 12 hours in 
distilled water, were subjected to treatments in each concentration of 
chemical mutagens for 24 hours. After the treatment the seeds were 
washed in running water and then sown in the pots to raise the seedlings 
which were later transferred in beds. One set of 100 seeds was soaked in 
distilled water as control. 
Four replicates were raised for each concentration of EMS and 
MMS as well as for control. The morpho-cytological observations were 
recorded from treated as well as control populations. 
2.2.3 Fixation and processing of material for meiotic studies 
Fixation of flower buds: 
For the study of meiosis, the young flower buds of proper size were 
fixed between 8:00 to 10:30 a.m. in Carnoy's fluid (6 parts absolute 
alcohol: 3 parts chloroform: 1 part glacial acetic acid) for i - 2 hours or 
until complete dissolution of chlorophyll. Then buds were transferred in 
propionic acid saturated with ferric acetate for 12 hours, washed with 
70% alcohol and stored in it. 
Preparation of slides: 
Anthers were squashed in 0.5% propionocarmine stain 
(Swaminathan et al., 1954), dehydrated in Normal Butyl Alcohol series 
(Bhaduri and Ghosh, 1954), mounted in Canada balsam and dried in 
incubator at 45°C for 3-5 days. 
Cytological observations and microphotographs were taken from 
temporary as well as permanent slides. 
2.3 STUDIES IN M, GENERATION 
Data on the following characters were recorded in M| generation. 
2.3.1 Biological Parameters 
(a) Seed germination: Germination data were recorded every 
alternate day, upto 30 days after sowing, till the maximum 
germination was attained. 
The germination percentage based on the number of seeds 
sown and germinated was calculated by the following formula: 
No. of seeds germinated ^^  JQQ 
Germination percentage = No. of seeds sown 
(b) Plant Survival: Plant survival was calculated 50 day after sowing 
when the plants were mature and values expressed as percentage 
over control. It was calculated by the following formula: 
No. of plants survived till maturity y^ |QQ 
Plant survival (%) = Total no. of seeds germinated 
10 
Decreased survival values indicated lethality which is also 
calculated as follows: 
Lethality : Plant survival (%) in control - Plant sur\ival in 
treated populations. 
(c) Pollen Fertility: 
Fresh anthers of randomly selected control and treated plants were 
squashed in 0.5% acetocarmine. Fully stained, full size pollen grains with 
smooth and regular out line were counted as fertile, while unstained, 
empty, shrunken and deshaped pollen grains as sterile. The percentage of 
pollen fertility in each concentration was calculated by using the formula: 
_ ,, ^ .,. ,„,, No. of fertile pollen grains ,^^ 
Pollen Fertility (%) = ^ ^-_— x 100 
Total no. of pollen grains 
% reduction in pollen fertility = Pollen fertility in control plants -
pollen fertility in treated plants 
2.3.2 Morphological parameters: 
The data about following morphological parameters of seedlings 
and plants were taken in the present study: 
1. Plant height: The height of main shoot was recorded in cm 
from the point above the ground to the tip of main axis, at 
maturity state. 
2. Number of heads per plant: The total no. of heads per plant 
was recorded by counting total no. of heads per plant at 
maturity stage. 
3. Number of seeds per plant: The seeds per plant were 
estimated as under: 
No. of heads/ plant x No. of seeds/ head. 
11 
4. Weight of seeds per plant: The yield per plant was the weight 
of total number of seeds harvested per plant in grams. 
5. Weight per 100 seeds: Hundred seeds were sampled randomly 
from the bulk harvested from plants in M| generation separately 
and their weight was recorded in grams to see if an}-
improvement in the seed weight and size occurred at micro 
level. 
6. Root length: The length of main root was recorded in cms, 
after harvesting out the roots from soil, at maturity stage. 
7. Root weight (Fresh and Dry): the fresh root weight was taken 
in grams just after harvesting the roots at maturity stage, 
whereas dry root weight was taken in grams after 1 month of 
harvesting. 
8. Frequency of morphological variations: The morphological 
variations were scored on the basis of characters in control 
plants and their deviations in the treated population. Variation 
frequency was calculated separately for different morphological 
traits like habit, leaf, root, shoot and chlorophyll characters by 
adopting the following formula: 
xr • .• f /o/N No.of plants Avith varied characters ,^^ Variation frequency (%) = i- x 100 
Total no. of plants survived 
2.3.3 Meiotic abnormalities: 
Meiotic abnormalities were scored on the basis of structure and 
behaviour of chromosomes. Any deviation from normal cell was 
considered as an abnormality like chiasmata frequency, univalents, 
multivalents, precocious separation, stickiness, laggards, bridges and 
fragments etc. 
12 
2.4 STATISTICAL ANALYSIS: 
The data recorded on different characters relating to each of the 
different treatments have been subjected to statistical analysis with a \ iew 
to find the individual and comparative effects of intermutagenic and 
intramutagenic treatments. 
2.4.1 Mean(x):-
The mean was computed by taking the sum of a number of 
observations and dividing it by the total number of observations recorded. 
X = 
X = 
N 
N 
Where, 
X| + X2 ...Xn = Observations 
N = Total No. of observations recorded 
2.4.2 Standard Deviation (S.D., a);-
Standard deviation is the positive square root of the average oi'sum 
of squares of deviations of all observations from their means. It is 
calculated by the following formula: 
S.D. or a = j<^~ -^^ - + <^^^I ^ i^^ ' 
n, n, N 
Or 
N 
13 
Whers 
X = Mean of observations involved, 
Xj = individual observations 
N = No. of observations 
2.4.3 Coefficient of Variation (C.V.): 
It measures the relative magnitude of variations present in 
observation relative to the magnitude of their arithmetic mean. It is 
defined as "Rate of standard deviation to arithmetic mean expressed as 
percentage". 
S.D. 
C.V.= xlOO 
Mean 
2.4.4 Critical Difference (C.D.):-
The critical difference was applied and computed as follows: 
Step I: According to treatment given, construction of data table for 
treatments and 3 replicates. 
The data were compiled in such a way that each treatment occupies 
a row and their replicates were arranged in columns as shown below: 
Rows 
treatments 
T 
T, 
Columns replicates 
R. 
A, 
T, 
T4 
T5 
T7 
B, 
c, 
D, 
Ri 
A, 
B, 
C, 
D, 
E, 
R. 
A, 
B, 
C, 
D, 
Total of rows 
(treatments) 
A| +A2 f A^ = Xri 
B ,+B2 + B3 = Xr7 
C, + C2 + C:, - Xrj 
' ¥ | T E 7 ^ E 3 = Xr5 
14 
Total of Ai + Fi=Xci 
A 2 ^ F2 = XC2, 
A 3 + F3=XC3, 
Grand total (Xc, +Xc2 + XC3) = G 
Step 2: Correction factor (C.F.) 
C.F. = (Grand Total)^ / T.R. 
C.F. = ( G ) V T . R . 
Where, 
T = Number of treatments 
R = Number of replicates 
Step 3: Total sum of squares (SSQT): This is the sum of square of all the 
observations minus correction factor. 
SSQT = [(A,)2 + (B,)^ + + (F3rt-C.F 
Step 4: Sum of squares of replicates (SSQR): 
SSOR= (X^.) '+(XcJ^+(XcJ^-C.F. 
T 
Where, 
T =Number of treatments 
Step 5: Sum of squares of treatments (SSQt) 
SSQt = (xr,)' + (xr2)^  + + (xr6)VR-C.F 
Where R = Number of replicates 
Step 6: Sum of squares of error (SSQE) 
SSQE = SSQT - (SSQR + SSQt) 
Step 7: Construction of ANOVA table 
15 
Source 
ReDlicate 
Degree 
C 
s.s. M.S. 
SSQR SSQR/C-1=A 
F value 
A/C 
i 
Treatments 
Error 
• - 1 
(C-l)(r-l) 
SSQt 
SSQE 
SSQt/r-1-B I 
SSQE/C-1=C 
B/C 
C/C 
Step 8: Estimated variance of error (MSE) 
MSE = S S Q E / ( C - l ) ( r - l ) 
Step 9: Critical difference based on ordinary test: 
CD at 5% level = J2MSE /R x (t value at error at 5% level) 
CD at 1% level = ^2MSE /R x (t value at error at 1% level) 
If the difference between any two sample means exceeds the CD 
values obtained at 5% level and/or 1% level, the difference between the 
two means is said to be significant at 5% and/or 1% level respectively. 
16 

CHAPTER - 3 
REVIEW OF LITERATURE 
The idea of inducing mutations and utilizing tliem for improving 
cultivated plants is about eighty years old. Mutation is a very valuable 
approach to plant breeding, as far improving the characters, changing the 
basic genotypes and shortening the normal life cycle of the plants are 
concerned. 
The occurrence of sudden and heritable change in the races was 
first suggested by Hugo de Vries (1901) in Oenothera Lamarckiana. lie 
proposed the use of radiation for the induction of mutations. The first 
successful use of X-ray was made by Muller (1927) for the discovery of 
I. 
induced mutability and its frequency in Drosophila. Later, the successes 
were achieved by Stadler (1929) in barley and Goodspeed (1929) in 
Datura and Nicotiana. 
Another phase in the history of induced mutations is the discovery 
of chemical mutagens during the world war II. For the first time the 
chemical mutagenesis was tried by Schiemann (1912) on Aspergillus 
niger, but the first successful attempt was made by Auerbach and Robson 
(1942) by using mustard gas on Drosophila melanogaster. 
MECHANISM OF ACTION OF MUTAGENS 
The chemical mutagens viz. Ethyl methane sulphonate (EMS) 
and Methyl methane sulphonate (MMS) belong to the group of 
alkylating agents used in the present study. Ethyl methane sulphonate 
(EMS: CH3SO2OC2H5) has been shown to be a very effective and 
efficient mutagen. (Heslot et ai, 1959, 1961) and has probably become 
the most popular chemical mutagen (Van Harten, 1998). However, 
Methyl Methane Sulphonate (MMS: CH3SO2OCH3) has been reported to 
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be not as effective as EMS, but have been used successfully as a mutagen 
in many plants. 
Alkylating agents (EMS and MMS) are by far the most extensi\e 
and important group of mutagens. These compounds have one or more 
reactive alkyl groups, which are capable of being transferred to other 
molecules at a position of higher electron density (Heslot, 1977). 
According to their number of functional groups, they are mono, bi or 
polyfunctional alkylating agents. Bi and polyilinctional alkylating agents 
are generally more toxic than mono functional agents such as EMS and 
MMS. 
Alkylating agents are also classified as radiomimetic agents, as the 
effects induced by alkylating agents are similar to those of ionizing 
radiations (Brunner, 1991). These chemical agents react directly with 
certain bases and these do not require active DNA synthesis in order to 
act, but still do require DNA synthesis in order to be fixed. They induce 
all types of mutations, including transitions, transversions, frameshifts 
and even chromosome aberrations with various relative frequencies, 
depending on the specific alkylating agent employed. 
Alkylation of DNA leads to following reactions (Siddiqui and 
Khan, 1999). Unstable triesters formation, which release the alkyl groups 
and interfere with DNA replication. Sometimes the phosphate triesters are 
hydrolyzed between sugar and phosphate, which results in the breakage 
of the DNA backbone. Alkylation of nitrogen bases with guanine at N-7 
position is the most frequent event followed by adenine at N-3 and 
cytosine at N-1. Alkylated guanine is assumed to ionize differently than 
the normal guanine and in such a way that guanine can pair with thymine, 
thus leading to Basepair errors. The alkylated guanine can be separated 
from the deoxyribose leaving it depurinated. Depurination will leave a 
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gap in the DNA template. Thus after repHcation either a deletion will 
result or any of the four bases may be inserted in the new strands opposite 
to the deletion. 
MUTATION BREEDING 
Several workers have so for reported encouraging results about the 
induction of various variabilities in different crop plants by using EMS, 
MMS and other mutagens. A brief review of which has been discussed 
below. 
Biological Damage 
Most of the chemical mutagens have been reported to cause 
adverse effects on several biological parameters viz. seed germination, 
survival and seedling height/growth, such as in pearl millet by different 
treatments of EMS and P-rays (Singh et al., 1978); in mungbean by EMS 
and gamma rays (Khan, 1981); in Viciafaba by EMS (Filippetti and De 
Pace, 1986); in hexaploid Triticale by gamma rays and EMS (Reddy and 
Gupta, 1989; Edwin and Reddy, 1993); in Brassica jimcea by gamma 
rays and EMS treatments (Singh et al., 1993) and in Trigonella foenum 
graecum by using EMS and MMS (Jain and Agarwal, 1993). 
Increase in biological damage with increasing concentrations of 
mutagens have been reported by using EMS in Ammi majus E. (Ansari 
and Siddiqui, 1996) and also in two wheat varieties by using MMS, 
Thiotepa and Metapa. (Kalia et al, 2001). 
Morphological Variations 
There are many reports demonstrating the effect of mutagenic 
treatments on various morphological parameters in several crop plants. 
Djaliwal et al. (1987) reported numerous viable mutants such as 
dwarf, early maturing, compact, free threshing etc. in Triticiim 
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monococcum following seed treatment with EMS; Reddy (1989) and 
Reddy and Gupta (1989) noticed various morphological abnormalities for 
leaf and spike characters in hexaploid Triticale in Mi generation b\ 
treatment with gamma rays and EMS. 
Mallaiah et al. (1990) reported viable mutants showing changes in 
morphological characters, such as plants stature, maturity, vegetative 
characters, fruit and seed in Momordica charantia by using gamma rays, 
mitomycin & EMS. Tripathi and Dubey (1992) isolated tall, bushy, large 
leaflet, early maturing and multiflorate mutants in two microsperma 
varieties of lentil after separate and simultaneous application of gamma 
rays and EMS. A number of morphologically different plants, such as 
abnormal leaf types, double flowered and double poded plants were also 
isolated in Mi and M2 generations in Trigonella foenum graecum by 
using different concentrations of EMS and MMS (Jain and Agarwal, 
1993). 
Yasin (1996) induced various leaf mutations (varying in leaflet 
texture, arrangement, shape and size) in faba bean using gamma rays, 
EMS and nitrous-oxide (N2O). 
Viswanathan and Reddy (1998) isolated a total of ten 
agronomically desirable mutants in M? generation after giving gamma 
rays and EMS treatments individually and in combination. The mutants 
include compact, dwarf, increased number of tillers/plant, increased 
number of spikelet and florets/plant, early flowering, rust resistant, bold 
and plump seeds in wheat and Triticale. 
Variation in caipel number and its morphology were observed in 
local brinjal cultivar (Solarium melongena) treated with gamma rays and 
EMS (Zeerak, 1998). 
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Plant Height 
A negative shift in mean for plant height in hexaploid Triticale was 
reported by using EMS (Sinha and Joshi, 1986) and gamma rays along 
with EMS (Viswanathan et al., 1994) and in mung bean by MMS (Khan 
etal., 1987). 
Further Ibrahim et al. (1989) found gamma rays and EMS 
treatments to decrease plant height in black berry and Laxmi and Gupta, 
(1983) by EMS alone in Trigonella foenum graecum. 
Jain and Agarwal (1993) selected dwarf mutants in Trigonella. 
foenum graecum by using EMS and MMS. Moreover, Tripathi and 
Dubey (1992) selected tall mutants in lentil in almost all treatments of 
gamma rays and EMS alone and in combination, whereas Vandana and 
Dubey (1988) observed that plant height showed varying response to 
different concentrations of EMS and DES in Viciafaba L. 
Root Variations 
Since the root character is very import in Cichorium intybus due to 
its medicinal value much stress has been given to this character in the 
present experiment. Isolation of root mutants in the mutation research 
programme has been completely neglected. (Gottschalk and Wolff, 
1983). Limited number of root mutants have been reported in various 
crop plants (Gomey, 1978). Mahna et al. (1993) isolated fibrous root 
mutants with increased biomass and nodulation in Vigna radiata by using 
hypoxanthine. 
Yield 
Several workers have reported the increase in yield related 
characters by EMS and gamma rays in various plants, such as grain yield, 
grains per spike and 100 seed weight in hexaploid Triticale (Sinha and 
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Joshi, 1986 and Viswanathan et al, 1994), number of pods. lOO-seed 
weight and yield per plant in mungbean (Khan, 1988), in black berr\ 
(Ibrahim et al, 1989), number of tillers, panicle length, number of grains 
per panicle and weight per 100 seeds in rice (Elayaraja et al., 2005) and 
in Brassica jimcea (Khatri et al, 2005). There has been same increasing 
trends in yield related traits by using EMS treatments alone in wheat 
(Kalia et al, 2000) and in sesame (Sengupta and Datta, 2004). Other 
mutagens such as DES, HNO2, NH2OH, NaN3 and H2O2 have also been 
shown to cause enhancing effect on yield in sesame (Sengupta and Datta, 
2004). 
Whereas decreasing trends in yield related traits have also been 
reported in some plants by mutagenic treatments. A few reports have 
been discussed below. 
Decrease in yield, number and weight of fruits per plant in M| 
generation with increasing doses of mutagens viz. gamma rays, EMS and 
NMU in Lycopersicon esculentum var. CO-2 and Pusa ruby (Jayabalan 
and Rao, 1989), in number of branches per plant and seed weight in 
fenugreek by EMS (Laxmi and Gupta, 1983); in branching, number of 
leaves, pods, seeds as well as yield per plant in Vicia faba by EMS and 
gamma rays treatments (Filippetti and De Pace, 1986) and in flowers per 
plant in Trigonella foenum graecum using different concentrations of 
EMS and MMS (Jain and Agarwal, 1993) have been reported. 
Chlorophyll Mutations 
Chlorophyll mutations are one of the most dependable indices for 
evaluation of genetic effects of different mutagens and are used as genetic 
markers in basic and applied research. Occurrence of chlorophyll 
deficient chimeras in M] generation and their segregation in M2 is a 
commonly observable parameter in a mutagenized population. 
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Swaminathan et al. (1962) in diploid barley and hexaploid vvlieal 
and Reddy and Gupta (1988) in liexaploid Triticale reported that EMS 
produces high frequency of chlorophyll mutations than gamma ra\s. 
Moreover, Reddy and Revathi (1991) have induced chlorophyll deficient 
mutation in Triticale by EMS and sodium azide individually and in 
combination. 
Other authors have also induced various types of chlorophyll 
mutations by the treatment of EMS and MMS in rice (Reddi and 
Suneetha, 1992), gamma rays and EMS in lentil (Tripathi and Dubey, 
1992), in black gram (Vanniarajan et al, 1993), in black cumin (Mitra 
and Bhowmik, 1997). Yasin (1996) found chlorina, xantha and chlorotica 
type mutations in Vicia faba by EMS. Albino, xantha, chlorina, viridis 
and maculata type in cowpea by gamma rays and EMS alone and in 
combination was reported by Raveendran and Jayabalan (1997). 
Waghmare and Mehra (2001) in Lathyrus sativiis and Kumar et al. (2003) 
in Phaseolus lunatus found EMS to be most effective in producing 
extreme chlorophyll mutants. 
On the basis of above review it is suggested that EMS treatment 
followed by other mutagens induced high frequency of chlorophyll 
mutations in various crop plants. 
CHROMOSOMAL ABERRATIONS 
Since Cytogenetical analysis has become one of the most important 
assay to evaluate mutagenicity of mutagens, the induced chromosomal 
aberrations have been extensively investigated to evaluate the same in 
EMS and MMS. 
A dose dependent increase in meiotic anomalies by alpha rays, 
EMS and NMU treatments in khesari have been repotted by Nerker 
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(1976). Reduction in cliiasma frequency, by all mutagenic treatments as 
compared to control, has been reported in many plants by xarious 
workers, such as Sadanandam and Subhash (1984) in Capsicum anmaim 
L. by EMS and DES; Jayabalan and Rao (1987) in Lycopersicon 
esciilentum by gamma rays, EMS and NMU; Malaviya and Shukla (1990) 
in lentil by gamma rays and EMS; Reddy and Annadurai (1992) in lentil 
by gamma rays, EMS and SA combination treatments and Anis and 
Sharma (1997) in Capsicum annuum by EMS, MMS and Sodium azidc 
(SA) treatments. 
Various meiotic anomalies such as micronuclei, stickiness, 
clumping, precocious movement of chromosomes, fragments, bridges, 
delayed separation and laggards have been reported in fenugreek 
population treated with different doses of gamma rays, EMS and MMS 
(Laxmi and Gupta, 1982) and in Lycopersicon esculentum treated by 
EMS and NMU (Jayabalan and Rao, 1987). 
Reddy and Gupta (1989) observed and increase in number of 
univalents, multivalents, non-orientation of chromosomes, clumping, 
laggards and micronuclei in EMS and gamma rays treated populations of 
Triticale. Occurrence of quadrivalents, rod bivalents, univalents, 
fragments and bridges have been reported in wheat and barley (Reddy 
et ai, 1991) and in lentil var-Pl-639 (Reddy and Annadurai, 1992) by 
gamma rays, EMS, sodium azide alone and in their combinations. 
Disturbed polarity, cytomixis and non-synchronisation have been 
reported in Mj generation of Viciafaba L. var. minor after treatment with 
EMS, gamma rays and MMS (Bhat et ai, 2007). 
Dhamayanthi and Reddy (2000) found EMS to be more effective in 
mducing meiotic irregularities than gamma rays treatments in chilli 
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pepper, whereas Bhat et at. (2007) reported that MMS induces higher 
meiotic abnormahties followed by gamma rays and EMS. 
Pollen Sterility 
The effect of mutagens on pollen traits in M| can be used as 
indicators of micro mutations in later generations (Kumar and Dubey. 
1996). Various workers have reported the induction of pollen sterility by 
different mutagenic treatments in many plants such as in pearl millet by 
EMS and (3-rays (Singh et al, 1978), in peas (Narsinghani and Kumar, 
1978), in khesari (Kumar and Dubey, 1997), in Vicia faba by EMS and 
DES (Vandana and Dubey, 1988) and by gamma rays, EMS and MMS 
(Bhat et al, .2005), in Lycopersicon esculentum by individual and 
combined effect of gamma rays and EMS (Zeerak, 1992). Zeerak (1992) 
also reported that sterility caused by physical mutagens is the result of 
cryptic deletion and specific gene mutation, while sterility caused by 
EMS is due to chromosomal aberrations. 
MUTATION FREQUENCY 
Mutation frequency increases with the increase in the doses of 
EMS in rice (Jana and Roy, 1975); gamma rays and EMS in hexaploid 
Triticale (Reddy and Gupta, 1989) and EMS and sodium azide alone or in 
combination in Triticale, wheat and barley (Reddy and Revathi, 1991). 
However, Kumar et al. (2003) observed that in lima bean mutation 
frequency of EMS decreases with increasing concentrations. 
The individual application of EMS induced a higher number of 
mutants than gamma rays treatments in hexaploid Triticale (Reddy and 
Gupta, 1989); in lentil var. K-333 (Tripathi and Dubey, 1992) and in 
khesari (Sushil and Dubey, 1998). Sushil and Dubey (1998) further 
reported that EMS is more effective than DES. 
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Desirable mutants have also been anal3/sed by EMS treatments in 
fenugreek (Datta and Laxmi, 1992) and by gamma rays and I'MS 
treatments alone and in combination in wheat and Triticale (Viswanathan 
andReddy, 1998). 
Tickoo and Chandra (1999) reported a wide range of induced 
polygenic variability in mungbean {Vigna radiata) by using EMS. 
Nitrosomethyl urea, hydroxyl amine and gamma rays and Singh et al. 
(2000) also reported genetic variability induced in urd bean by using 
gamma rays and EMS. Moreover, Kharkwal (2001) reported polygenic 
variability in the form of micro mutation in M2 and M3 generations of 
chickpea treated with EMS. 
Thus the above review suggests that along with EMS, the MMS 
also is a potent and widely used mutagen for the induction of genetic 
variability in crops plants. Therefore, in the present study both the above 
mentioned alkylating agents have been used to induce variability in a 
medicinally important plant Cichorium intybus L. 
MEDICINAL AND CHEMICAL IMPORTANCE 
A large amount of work has been done on medicinal as well as 
chemical aspects of chicory which can be exploited on large scale for 
economical purposes. 
Alam et al. (1994) observed that Sharbat Bazoori moatdil 
containing roots of chicory when given to hypertensive patients controls 
systolic and diastolic blood pressure. Blake et al. (1994) analysed the 
tannin contents in chicory which were ingredients in the 39 herbal teas. 
Moreover some chemicals have been extracted from seeds and roots of 
Cichorium intybus which posses tumor inhibitory (Hazra et al, 2002), 
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antibacterial and antifungal (Orhan et ai, 2002), antihepatotoxic (Ahmed 
et ai, 2003) and antioxidant (Aqil et al., 2003) activities. 
Back and Cadwallader (1998) isolated volatiles from roasted 
chicory by simultaneous steam distillation solvent extraction and dynamic 
head sampling. Park and Long (1998) produced inulo-oligo saccharides 
from chicory juice. Kisiel and Michalska (2002) isolated a new natural 
product, Cichorium 6-p-hydroxy phenyl acetate from chicory leaves. 
Mutation breeding work is negligible on Cichorium intybus. 
However, there is a large scope for improvement in its existing qualitative 
and quantitative characters by mutagenesis programme. Therefore, the 
present work is an effort on this aspect. 
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CHAPTER-4 
OBSERVATIONS 
The effect of EMS and MMS on seed germination, seedling 
growtii, morphological characters, meiotic behaviour and frequency oi~ 
induced variations in Chicory have been studied in the present 
investigation. For the identification of mutations the plants raised from 
treated seeds were compared with control (untreated) throughout their 
development. On the basis of apparent variations and chromosomal 
studies the plants were scored as variants. To assess the comparative 
effect of different concentrations of intermutagenic and intramutagenic 
treatments, all undertaken parameters were analysed statistically. 
4.1 SEED GERMINATION 
Germination counts were made on every alternate days after 
sowing in control as well as treated seeds. The germination started on the 
4' day after sowing and on 20"^  day maximum germination was observed 
in control i.e. 84%, while in treated populations it decreased from 78-45% 
in 0.10-0.85% EMS and 70-34% in 0.04 to 0.40% MMS respectively. 
The germination as a whole was highly affected in MMS than EMS 
although the concentrations of MMS were significantly lower (Table-!, 
Graph-la, lb). 
As the germination decreased the seedling injury increased 
simultaneously from 7.14 to 46.43% in 0.10-0.85%) EMS and from 16.67 
to 59.52% in 0.04-0.40% MMS. 
On the average the seedling injury was comparatively more in 
MMS than in EMS (Table-!, Graph-la, lb) 
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4.2 PLANT SURVIVAL 
The plant survival was 100% in control, while in EMS it decreased 
from 92.35 to 63.49% and in MMS from 80.23 to 51.76% (Table-1). A 
linear decrease in plant survival with increasing concentrations of both 
mutagens were found (Graph-la, lb). 
The maximum lethality was recorded to be 48.24% in 0.40%) MMS 
and 36.5 l%o in 0.85% EMS. In rest of the decreasing doses it decreased 
linearly (Table-1, Graph-la, lb) 
4.3 POLLEN FERTILITY 
The average pollen fertility was 100%) in control, whereas it 
decreased from 95.14% to 68.00% in 0.10-0.85% EMS and 87.44 to 52. 
22% in 0.04-0.40% MMS respectively (Table-1, Graph-la, lb). 
The pollen sterility increased simultaneously from lower to higher 
doses in both mutagens. Moreover, MMS has caused more sterility as 
compared to EMS (Table-1, Graph-la, lb) 
4.4 PLANT HEIGHT 
In control population the average plant height was 147.1 cms 
(maximum), while it was found to decrease from 145.98 to 143.68 cms in 
0.10 to 0.85% EMS and from 135.46 to 65.40 cms in 0.04 to 0.40% MMS 
respectively (Table-2, Graph-2a, 2b). The decrease in plant height was 
much more in MMS treated population than in EMS. The decrease in 
average plant height was found to be insignificant upto 0.55%o EMS and 
0.40% MMS, whereas significant at 5% level in 0.70% and 0.85% EMS 
and at 1% level in 0.06% to 0.40% MMS. 
4.5 NUMBER OF HEADS (INFLORESCENCE) PER PLANT 
Average number of heads per plant was 106.00 in control, but it 
showed an increasing trend from 110.20 to 125.80 in 0.10 to 0.85% EMS 
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(Table-2, Graph-2a) due to increased number of branches, whereas a 
decreasing trend from 90.56 to 42.56 in 0.04 to 0.40% MMS respectively, 
due to simultaneous decrease in height and number of branches per plant 
(Table-2, Graph-2b) 
The increase in average number of heads per plant in EMS and 
decrease in MMS were significant at 1% level in all doses of both 
mutagens except 0.10% EMS. 
4.6 NUMBER OF FLOWERS PER HEAD 
The average number of flowers per head in control was found to be 
25.28, while in EMS it ranged between 25.28 to 26.89 in 0.10 to 0.85% 
concentrations (Table-2, Graph-2a). The increase was found to be 
significant in 0.85%) EMS only. Although the number of flowers per head 
decreased from 24.29 to 24.10 in 0.04 to 0.40% MMS but the decrease 
was insignificant in all concentrations (Table-2, Graph- 2b) 
4.7 NUMBER OF SEEDS/PLANT 
The average number of seeds per plant was 1690 in control, while 
in EMS treated populations it increased from 1758 to 1857 in 0.10 to 
0.85%o EMS respectively, due to simultaneous increase in the number of 
heads per plant. MMS treated populations showed a decreasing trend 
from 1358.4 to 638.0 average number of seeds per plant with increasing 
doses of MMS because of simultaneous decrease in number of heads per 
plant. (Table-3 Graph-3a). The increase in the number of seeds per plant 
in EMS and decrease in MMS treatments were found to be significant at 
l%o level in all concentrations. 
4.8 WEIGHT OF SEEDS PER PLANT (g) 
The weight of seeds per plant like all other quantitative parameters 
showed an increasing trend in EMS treated populations, while a 
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decreasing trend in MMS treated populations in comparison to tlic 
control. It increased from 4.45 (control) to 7.30 g in 0.10 to 0.85% FMS, 
whereas decreased linearly to 1.50g per plant in 0.04 to 0.40% MMS 
respectively (Table-3, Graph-3b) 
The increase in EI\^ S and decrease in MMS was found to be 
insignificant in lower doses, but significant at 5% level in 0.55%) 1£MS 
and 0.10%) MMS. Moreover, in further higher doses, the increase in HMS 
and decrease in MMS were significant at 1% level (Table-3). 
4.9 WEIGHT PER 100 SEEDS (g) 
Along with relative quantum, the size of seeds is also reflected by 
calculating the average weight of 100 seeds. The weight per 100 seeds 
was 0.28 g in control, while in treated populations it increased from 0.281 
to 0.408 g in 0.10-0.85% EMS and decreased from 0.277 to 0.198g in 
0.04-0.40% MMS (Table-3, Graph-3c). 
Since the weight per hundred seeds increased in EMS treatment, it 
showed the increase in the size of seeds also (Plate-4d). On the other hand 
the decreasing weight in MMS showed the negative trend in seed size 
(Plate-4e). 
In EMS treated populations the increase was significant at 5%) level 
in 0.70 and 0.85%) concentrations and in MMS the decrease was 
significant at 5%) level in 0.10-0.40% concentrations. 
4.10 ROOT PARAMETERS 
Various root parameters such as, root length and root biomass 
(fresh and dry) have also been studied in the present work as the roots of 
chicory are medicinally very important. 
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4.10.1 Root Length 
The average root length was found to be maximum, i.e. 20.10 cms. 
in control and showed a decreasing trend with increasing concentrations 
of both EMS and MMS. However, the decrease in root length by MMS 
was more significant than that in EMS treated populations. It ranged 
between 18.90 to 17.56 in 0.10 to 0.85% EM:S, while 18.40 to 10.20 in 
0.04 to 0.40% MMS (Table-4, Graph-4a, 4b). The decrease was 
insignificant in all concentrations of EMS and lower doses of MMS, but 
it was significant at 5% level in 0.08 to 0.40% MMS. 
4.10.2 Root Biomass (Fresh and Dry weight) (g) 
The average fresh root weight in control was 6.8g per plant, while 
it increased with increasing concentrations of EMS from 6.93 to 8.03g 
(Table-4, Graph-4a), because there was increase in diameter and the 
number of lateral roots (branches) in comparison to the control roots, 
which amounted to the significant increase in root weight in higher doses 
(Plate-5). The increase was significant at 5% level in 0.40 and 0.55%o 
EMS and at 1% level in 0.70 and 0.85% EMS. 
Though the lateral roots were found in MMS also (Plate-5), but 
their number, diameter and size was lesser as compared to control and 
above all the length and diameter of main root was also lesser. Therefore, 
the average fresh root weight decreased from 5.34 to 3.29g in 0.04 to 
0.40% concentrations of MMS (Table-4, Graph-4b). The decrease was 
significant at 5%o level in 0.04% concentration and at 1%) level in rest of 
higher concentrations. 
Similarly the dry root weight increased in EMS from 2.24 to 4.12g 
and decreased linearly in MMS treatments from 2.24 to 1.18 g 
respectively. The values were found to increase significantly at 1% level 
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in 0.40 to 0.85% EMS, while decrease significantly at 5% level in 0.08 to 
0.20% MMS and at 1% level in 0.40 MMS (Table-4, Graph-4a, 4b). 
4.11 MEIOTIC STUDIES 
To estimate the potency of mutagens and the mutation response of 
a genotype the chromosomal behaviour with respect to meiosis is 
considered to be one of the most reliable indices. Thus, in the present 
study the types of chromosomal behaviour and abnormalities and their 
frequencies at different meiotic stages in different treatments of EMS and 
MMS in Cichorium intybus L. have also been undertaken. 
The meiosis in control population of Cichorium intybus L. was 
normal with nine bivalents (n=9; 2n=18) at prophase (diakinesis) (Plate -
6a, 6b), arranged normally at the equatorial plate at metaphase-I (Plate -
6c) and separating into 9 individual chromosomes towards either pole at 
anaphase -1 (Plate - 6d). Telophase -1 and all further stages of meiosis -11 
were also normal in control. (Plates-6e -i). 
However, various meiotic aberrations at different stages of meiosis 
in EMS and MMS treated populations have been scored. The most 
common meiotic abnormalities observed were univalents, multivalents, 
stray chromosomes, bridges, laggards, stickiness, 3-nucleate and 5-
nucleate microspore mother cells. The representative cytological features 
have been shown in Plates-7-10. 
4.11.1 Frequency of Meiotic Aberrations: 
There were no abnormal PMCs in control out of total number of 
PMCs observed, whereas the overall percentage of abnormal PMCs 
increased from 1.84 to 16.96% in 0.10 to 0.85% EMS and from 5.86 to 
36.64% in 0.04 to 0.40% MMS respectively. (Table -6a, Graph-5) 
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Prophase-I (Diakinesis): 
The chromosomal configurations observed at prophase stages in 
EMS and MMS treatments were the univalents (Plate -7a,7b and Plate 8a-
e) and multivalents (Plate- 8f). 
The number of cells with univalents and multivalents increased 
from 1.3 to 2.6% in 0.55 to 0.85% EMS and from 0.45 to 3.41% in 0.04 
to 0.40% MMS respectively. However, no abnormal PMC's were 
observed in lower three concentrations of EMS at diakinesis (Table -6 A) 
Metaphase-I/II 
At metaphase pollen mother cells with tetravalents (Plate- 7c), 
stray chromosomes (Plate-7d,7f), polar metaphase (Plate-7e), stickiness 
(Plate-7f,7h) and two groups of chromosomes at metaphase-l due to 
spindle disturbance (Plate-7g,7h) was observed in EMS treated 
populations. Whereas in MMS, the PMCs with tetravalents (Plate-8g-8i), 
polar metphase with sticky chromosomes (Plate-9a), stickiness (Plate-
9b), rod bivalents with chromatin stretching (Plate-8g- 9c), stray 
chromosomes (Plate- 9d), stickiness with stray univalents (Plate-9e), 
precocious separation (Plate-9f-9g), stray chromosome at metaphase-II 
(Plate-10a) and prophase-metaphase-II (Plate-!Ob) were observed. 
The frequency of meiotic aberration showed a dose dependent 
increase in treated populations and was more in MMS than in EMS. It 
ranged between 2.76 to 10.00% in EMS and between 3.60 tol5.09 in 
MMS (Table-6a). 
Anaphase-I and II: 
The abnormalities observed at anaphase stages in EMS and MMS 
treated populations were generally bridges at anaphase-I (Plate-7i, 9h). 
Pollen mother cells with unequal separation (Plate-9i) and tripolar 
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arrangement of chromosomes with laggards (Plate-9j) were also observed 
in MMS treated populations. The frequency of aberrations increased from 
0.46 to 3.04 in 0.10 to 0.85% EMS, whereas from 1.80 to 9.91 in 0.04 to 
0.40% MMS respectively. (Table-6a). 
Telophase - I/II: 
The chromosomal aberrations observed at telophase in EMS were 
laggards (Plate-71) and bridge (Plate-7k). In MMS, the bridges (Plate-9k, 
10c, lOd), laggards (Plate-91,10e) and five-nucleate condition (Plate lOf) 
were observed. The frequency of meiotic aberrations at telophase stages 
increased with increasing doses of mutagens from 0.46 to 2.6% and from 
1.35 to 9.48% in EMS and MMS respectively (Table-6a). 
4.11.2 Chiasma Frequency: 
The chiasma frequency in control plants was 17.33 per cell and 
1.98 per bivalent at diakinesis, but decreased linearly to 15.24 and 12.64 
per cell and 1.69 and 1.40 per bivalent in 0.85% EMS and 0.40% MMS 
respectively (Table-6b). 
Moreover, at metaphase-I the chiasma frequency was 
comparatively lower than diakinesis and decreased from 16.30 per cell 
(control) to 14.01 in 0.85% EMS and 9.26 in 0.40% MMS. Chiasma 
frequency per bivalent also decreased simultaneously from 1.81 (control) 
to 1.56 in 0.85% EMS and 1.03 in 0.40% MMS (Table-6b) 
4.12 FREQUENCY OF MORPHOLOGICAL VARIATIONS 
4.12.1 Frequency of leaf variations: 
The immediate effect of chemical mutagens appeared at seedling 
stage upto the formation of cotyledonary and few pairs of vegetative 
leaves. 
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The control seedlings were normal with two cotyledonar}- leaves 
which were small, thick, obovate, entire, round, hairy, green, opposite 
and of same size. (Plate-la). Vegetative leaves in normal seedlings were 
opposite, oblong, entire, round, distal lamina broader (obovate) and with 
obtuse apex (Plate-lb, 2a) and one vegetative leaf comes out first 
followed by the other with a time gap (Plate"2a). In older seedlings the 
leaves were epetiolate, obovate, oblong, entire/wavy and hairy on surface 
and margins (Plate -2b). 
Various abnormalities were observed in cotyledonary and first pair 
of vegetative leaves in the treated populations. 
Cotyledonary Leaves 
The cotyledonary leaves were unequal with one of the 
cotyledonary leaf elongated while the other smaller (Plate-Ic, Id, 2c), one 
rudimentary and the other one bigger and notched (Plate-le), unequal 
cotyledonary leaves, the smaller one curved (Plate -If, Ig), one leaf 
deeply notched at the apex forming a heart shaped structure (Plate -1 h, 1 i) 
and reduced angle between cotyledonary leaves to less than 180" due to 
their shifting to one side (Plate-Ij). Moreover, both cotyledonary leaves 
were found to be enlarged but deshaped (Plate-2d). 
Almost all the above mentioned cotyledonary leaf abnormalities 
were observed in all concentrations of EMS and MMS except shifting of 
leaves towards one side which was observed in 0.70 and 0.85% EMS 
only. However, the frequency of seedlings having abnormal cotyledonary 
leaves increased with increasing concentrafions of EMS from 5.41 to 
30.00% and in MMS from 8.57 to 44.44% respectively (Table -5). 
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Vegetative Leaves: 
Vegetative leaves also exhibited variations in morphology. The 
most common observable features were, fusion between the margins of 
two leaves upto half of the length forming a cup like structure (Plate-2c), 
fusion of two unequal petiolate leaves along one margin forming bilobed 
structure (Plate-2d), both leaves elongated but fused marginally and 
curved (Plate-2e), fusion of margins as well as mid ribs of two leaves, but 
free towards distal ends, resulting in heart shape (Plate-2f) in higher 
concentrations of EMS. Their frequencies increased from 15.87 to 
25.00% in 0.55 to 0.85% EMS. (Table-5) 
The seedlings in MMS exhibited comparatively lesser vegetative 
leaf variations. However, in higher concentrations the seedlings with 
deformed vegetative leaf (Plate-2g) and the other with reduced size and 
acute apex (Plate- 2h) were recorded with frequency 10.43 and 14.65% in 
0.20% and 0.40% MMS respectively. (Table-5). 
4.12.2 Frequency of habit variants: 
The height of plants among control population ranged between 145 
cm-148cm with moderate branching, bearing 98-106 purple heads per 
plant (Plate-3a). In EMS treated populations some bushy variants with 
height 147 cm-150 cm with heavy branching bearing 130.49-152.86 
number of heads per plant (Plate-3b,3c) have been isolated with a 
frequency of 22.33 to 24.76%in 0.55 to 0.85% EMS respectively (Table-
5). On the other hand in MMS treated populations the variants with lesser 
height and branching (Plate-3d, 3e, 3f) have been scored with a frequency 
of 7.14-55.56% in 0.04% MMS respectively (Table-5). The height of the 
variants in MMS ranged between 90.12cm - 30.12 cm with 90 to 20 
number of heads per plant. 
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4.12.3 Frequency of Chlorophyll Mutations: 
Two chlorophyll mutants viz. Xantha and Tigrina types were 
isolated in EMS treated populations. Xantha type survived for 8 days, 
whereas Tigrina survived upto maturity, showed normal growth and had 
green leaves with yellow patches (Plate-4a, 4b). No chlorophyll variants 
were observed in MMS treated populations. The frequency of Xantha 
type was 0.51 and 0.74% in 0.70 and 0.85% EMS and for Tigrina it was 
2.32 and 3.33% in 0.55% and 0.85% EMS respectively. (Table-5). 
4.12.4 Frequency of Root variations: 
The root is simply a tap root in Cichorium intybus L., having 
tapering ends and fine root hairs (Plate-5a). In EMS treatments, the 
diameter and lateral branches increased significantly in 0.40-0.55% 
concentrations. The number of hairs decreased but these were thicker and 
shorter (Plate-5b, 5c). The diameter of main root, lateral root and root 
hairs increased significantly in 0.70 and 0.85% concentrations (Plate-5d-
f) resultantly the biomass of fresh root and dry root increased at 1% level 
of significance in higher doses. Whereas MMS has caused adverse effect 
on root growth. The main roots were thinner and shorter. The lateral roots 
were although longer but thinner and consequently the root biomass 
decreased in higher concentrafions of MMS (Plate- 5g-l) 
The frequency of root variants was found to increase from 6.23 to 
41.27% in 0.10 to 0.85% EMS and from 4.62 to 39.69% in 0.04 to 0.40% 
MMS respecfively. (Table-5) 
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PLATE - 1 
Cotyledonary leaves in control and mutagen treated 
populations of chicory. 
Fig. a : Control cotyledonary leaves - obovate, entire, obtuse 
equal and opposite. 
Fig. b : Older seedling of control with obtuse, elongated, wavy 
and hairy margin. 
Figs, c-d : Unequal cotyledonary leaves (0.20% MMS and 0.40% 
EMS). 
Fig. e : One cotyledonary leaf rudimentary and the other one 
notched (0.40% MMS). j 
Figs, f-g : Unequal cotyledonary leaves, smaller leaf curved 
(0.20% MMS and 0.40% EMS). 
Fig. h : One of the two cotyledonary leaves deeply notched at 
the apex forming a heart shaped structure (0.55% 
EMS). 
Fig. i : Cotyledonary leaves elongated, one leaf divided into 
two unequal lobes (0.40% MMS). 
Fig. j : Reduced angle between cotyledonary leaves due to 
their shifting to one side (0.85% EMS). 
Plate-1 
PLATE - 2 
Vegetative leaves in control and mutagen treated 
populations of Chicory. 
Fig. a : Control vegetative leaves epotiolate, obovate, entire 
but hairy margin and obtuse. 
Fig. b : 25 days older seedling of control. 
Fig. c : Unequal cotyledonary leaves, first pair of vegetative 
leaves fused along the margins upto half of the length 
forming a cup like structure (0.55% EMS). 
Fig. d : Two unequal petiolate leaves fused along one margin 
forming bilobed structure (0.70% EMS). 
Fig. e : Elongated leaves fused marginally and curved (0.85% 
EMS). 
Fig. f : Fusion of margins as well as midribs of two leaves at 
the base, resulting in a heart shaped (0.85% EMS). 
Fig. g : Deformed vegetative leaf (0.20% MMS) 
Fig. h : Reduced size vegetative leaf with acute apex (0.40% 
MMS) 
"^s'> * 
Plate-2 
PLATE - 3 
Plants at maturity stage in control and mutagen treated 
populations of chicory. 
Fig. a : Control plant with normal branching. 
Fig. b : Bushy semi dwarf variant with increased number of 
branches and heads (0.70% EMS). 
Fig. c : Tall and bushy variant (0.85% EMS). 
Fig. d : Reduced branching increased internodal length (0.20% 
EMS). ' 
Fig, e : Dwarf variant with no branching and very less number 
of heads (0.40% MMS). 
Fig. f : Dwarf variant without branching and flowering (0.40% 
MMS). ! 

PLATE - 4 
Chlorophyll variants in EMS (Figs, a-c) and seeds in control 
and treated populations (Figs, d-f) of Chicory. 
Figs, a-b : Xantha chlorophyll variant (0.70% EMS). 
Fig. c : Tigrina chlorophyll variant (0.85% EMS). 
Fig. d : Control seeds- brown/light brown in colour. 
Fig. e : Seeds with increased size and dark brown/blackish in 
colour (0.85% EMS). 
Fig. f : Seeds with decreased size and dark brown/blackish in 
colour (0.40% MMS). 
«v»^ V >t -«-
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Plate-4 
PLATE - 5 
Roots in control, EMS and MMS treated populations of 
Chicory. 
Fig. a : Control simple tap root, without lateral roots. 
Figs, b-c : Thicker and shorter roots, branched with decreased 
number of root hairs (0.85% EMS). 
Figs, d-f : Increased number and diameter of lateral root as well 
main root (0.70% and 0.85% EMS). 
Figs, g-j : Main root shorter, lateral root having profuse 
branching but thinner (0.04% - 0.10%MMS). 
Figs, k-1 : Main roots decreased in size but branched (0.20%o-
0.40% MMS). 
Plate-5 
. » . 
^^m w^' 
^ ' 
• " « ^ 
e 
^ ^ • 
(j 
1^ 
9 
Plate-e 
PLATE - 6 
Meiotic studies in Cichorium intybus L. (control). 
Fig. a : Prophase I: Diakinesis-9 ring bivalents. 
Fig. b : Prometaphase-I: 9 ring bivalents. 
Fig. c : Metaphase-I: 7 ring bivalents + 2 rod bivalent at 
equator. 
Fig. d : Anaphase-I: Early separating chromosomes. 
Fig. e : Telophase-I: Two groups of chromosomes at poles. 
Fig. f : Metaphase-II: Chromosomes in two groups arranged at 
two equatorial plates. 
Fig. g : Anaphase-II: Early separating chromosomes. 
Fig. h : Anaphase-II: Late chromosomes separated into four 
groups. 
Fig. i : Telophase-II: Four polar nuclei. 
PLATE-7 
Chromosomal abnormalities induced by EMS in Chicory. 
Fig. a : Diakinesis: 7 + ring" + 1 rod" + 2' (0.55%). 
Fig. b : Diakinesis: 18 Univalents (0.85%). 
Fig. c : Metaphase-I: 3 ring" +2 rod" + 2*^  (0.70%). 
Fig. d : Metaphase-1: Movemement of one bivalent towards pole 
(stray chromosome) (0.40%). 
Fig. e : Metaphase-I: Polor metaphase (0.25%). 
Fig. f : Metaphase-I: One stray chromosome + 2 groups of 
sticky chromosomes (0.70%). 
Fig. g : Metaphase-I: Chromosomes arranged in two groups at 
equatorial plate. 
Fig. h : Metaphase-I: Two groups of sticky chromosomes 
(0.55%). 
Fig. i : Anaphase-I: Chromatin bridge (0.85%). 
Fig. j : Anaphase-I: One Laggard chromosome (0.70%). 
Fig. k : Telophase-II: Broken chromatin bridge (0.85%). 
Fig. 1 : Telophase-II: Showing two laggards (0.85%). 

PLATE-8 
Chromosomal abnormalities induced by MMS in Chicory. 
Fig. a 
Fig.b 
Fig. c 
Fig.d 
Fig. e 
Fig.f 
Fig.g 
Fig.h 
Fig.i 
Diakinesis: 6 ring" + 2 rod" + f (0.08%). 
Diakinesis: 6 ring" + 6' (0.40%). 
Diakinesis: 7 ring" + 1 rod" +2' (0.10%). 
Diakinesis: 5 ring" + 2 rod"+ 4' (0.20%). 
Diakinesis: 18 univalents (0.40%)). 
Diakinesis: 5 ring" + 2 rod" + l'^ (0.40%). 
Metaphase-I: 1 ring" + 6 rod" + l'^ (0.20%). 
Metaphase-I: 3ring" + 6rod" + l'^ (0.20%). 
Metaphase-I: 2 rod" + 4 ring" + 2' + l'^ with one 
bivalent showing early movement towards pole 
(Precocious) (0.20%). 
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Plate-8 
PLATE-9 
Chromosomal abnormalities induced by MMS in Chicory. 
Fig. a : Metaphase-I : Polar metaphase with sticky chromosomes 
(0.08%) 
Fig. b : Metaphase- I: Four groups of sticky chromosomes 
(0.08%) 
Fig. c : Metaphase-I: 8 ring" +1 rod" showing chromatin 
stretching (0.20%) (non disjunction of at termini) 
Fig. d : Metaphase-I: Two stray bivalents (0.04%) 
Fig. e : Metaphase-I: Chromosome stickiness with 4' and 
fragments scattered at one side of cell. (0.10%) 
Fig. f : Metaphase-I: Precocious separation of 2' towards poles 
(0.20%) 
Fig. g : Metaphase-I: Precocious separation of univalents 
(0.04%) 
Fig. h : Anaphase-I: Chromatin bridge formation (0.40%) 
Fig. i : Anaphase-I: Separation of chromosomes into three 
groups (Multipolar orientation) (0.20%). 
Fig. j : Anaphase-I: 3 groups of chromosomes with one laggard 
(0.10%). 
Fig. k : Telophase-I: Chromatin Bridge (0.40%). 
Fig. I : Telophase-I: Showing one laggard (0.40%). 
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PLATE-10 
Chromosomal abnormalities induced by MMS in Chicory. 
Fig. a : Metaphase-II: One stray chromosome (0.04%) 
Fig. b : Prophase- Metaphase II: Unsynchronized division 
(0.10%) 
Fig. c : Anaphase-II: Broken Bridge (0.20%) 
Fig. d : Telophase II: Bridge formation between two polar nuclei 
(0.40%) 
Fig. e : Telophase II: 5 Two laggards between four polar nuclei 
(0.40%) 
Fig. f : Telophase II: 5 nucleate condition + one laggard (0.40%) 
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Plate-10 
PLATE-8 
Chromosomal abnormalities induced by MMS in Chicory. 
Fig. a : Diakinesis: 6 ring" + 2 rod" + f (0.08%). 
Fig. b : Diakinesis: 6 ring" + 6'(0.40%). 
Fig. c : Diakinesis: 7 ring" + 1 rod" +2' (0.10%). 
Fig. d : Diakinesis: 5 ring" + 2 rod" + 4' (0.20%). 
Fig. e : Diakinesis: 18 univalents (0.40%). 
Fig. f : Diakinesis: 5 ring" + 2 rod" + 1 '^  (0.40%). 
Fig. g : Metaphase-1: 1 ring" + 6 rod" + 1 '^  (0.20%). 
Fig. h : Metaphase-I: 3ring" + 6rod" + 1 '^  (0.20%). 
Fig. i : Metaphase-I: 2 rod" + 4 ring" + 2' + 1 '^  with one 
bivalent showing early movement towards pole 
(Precocious) (0.20%). 
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PLATE-9 
Chromosomal abnormalities induced by MMS in Chicory. 
Fig. a : Metaphase-I : Polar metaphase with sticky chromosomes 
(0.08%) 
Fig. b : Metaphase- I; Four groups of sticky chromosomes 
(0.08%) 
Fig. c : Metaphase-I: 8 ring" +1 rod" showing chromatin 
stretching (0.20%) (non disjunction of at termini) 
Fig. d : Metaphase-I: Two stray bivalents (0.04%) 
Fig. e : Metaphase-I: Chromosome stickiness with 4' and 
fragments scattered at one side of cell. (0.10%) 
Fig. f : Metaphase-I: Precocious separation of 2 towards poles 
(0.20%) 
Fig. g : Metaphase-I: Precocious separation of univalents 
(0.04%) 
Fig. h : Anaphase-I: Chromatin bridge formation (0.40%) 
Fig. i : Anaphase-I: Separation of chromosomes into three 
groups (Multipolar orientation) (0.20%). 
Fig. j : Anaphase-I: 3 groups of chromosomes with one laggard 
(0.10%). 
Fig. k : Telophase-I: Chromatin Bridge (0.40%). 
Fig. 1 : Telophase-I: Showing one laggard (0.40%). 
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PLATE-10 
Chromosomal abnormalities induced by MMS in Chicory. 
Fig. a : Metaphase-II: One stray chromosome (0.04%) 
Fig. b : Prophase- Metaphase II: Unsynchronized division 
(0.10%) 
Fig. c : Anaphase-II: Broken Bridge (0.20%) 
Fig. d : Telophase II: Bridge formation between two polar nuclei 
(0.40%) 
Fig. e : Telophase II: 5 Two laggards between four polar nuclei 
(0.40%) 
Fig. f : Telophase II: 5 nucleate condition + one laggard (0.40%) 
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CHAPTER-5 
DISCUSSION 
The present discussion is mainly confined to probable reasons and 
explanations regarding the mutagenic effect of EMS and MMS on seed 
germination, plant survival, morphological parameters, pollen fertility, 
yield and behaviour of meiotic chromosomes in Cichorium intybiis, L. 
(Asteraceae). 
5.1. SEED GERMINATION 
The test of germination is an important parameter to estimate the 
induced effect of mutagen on metabolism, resumed after a period of 
dormancy. Generally the germination decreased with increasing 
concentrations of EMS and MMS in chicory. The decrease was more 
prominent in MMS as compared with EMS treatments, because the 
inhibition of germination in MMS was significantly higher than those in 
EMS. The reduced germination percentage due to inhibitory effect of 
EMS and MMS as observed in Cichorium intybus L. has also been 
reported in different plants, such as pearl millet (Singh et al., 1978), 
mungbean (Khan, 1981), Vicia faba (Filippetti and De Pace, 1986). 
Triticale (Reddy and Gupta, 1989; Edwin and Reddy, 1993) and Brassica 
juncea (Singh et al, 1993) by EMS treatments and in Trigonella foeniim 
graecimi (Jain and Agarwal, 1993) and two wheat varieties by using 
MMS as well as EMS (Kalia, 2001). 
Several workers have made attempts to explain the causes 
responsible for inhibition of seed germination. Gordon (1957) considered 
that reduction in gemiination and survivality in mutagen treated plants 
may be due to different factors including delay and/or inhibition of 
metabolic activity of physiological and biochemical processes essential 
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for seed germination. The liigh proportion of seed lethality due lo 
mutagen treatment has been attributed to disturbances in chromosome 
organization (Evans and Sparrow, 1961). On the other hand it may be due 
to the alkylation of sulphahydral (-SH) group of important proteins 
causing death of seeds (Ehrenberg et al., 1966). The lowered respiratory 
quotient (Woodstock and Justice, 1967), destruction of growth regulators 
(Sideris et al, 1971) and metabolic disturbances during germination 
(Ananthaswami et al, 1971) may also be the causes of inhibition of 
germination. Moreover, Krishna et al. (1984) considered that inhibition 
may also be due to interaction between the mutagen and the seed cell 
system. The imbibed mutagen in the cell may imbalance the cell system 
and inhibit the normal metabolic activity. 
5.2. Plant Survival 
The plant survival was higher in EMS than in MMS, thus MMS 
was more lethal (toxic) than EMS. Moreover, the lethality induced by the 
lowest concentration of MMS was significantly higher than the highest 
values in higher doses of EMS. Since the lethality induced by EMS and 
MMS are less than 50% therefore, these may induce significant number 
of mutations with less injury. Reduction in plant survival with increasing 
doses of EMS and MMS as reported in Cichorium intybus L. at present, is 
in agreement with earlier reports in Triticales, (Reddy and Gupta, 1989; 
Edwin and Reddy, 1993), khesari, (Kumar and Dubey, 1998) and wheat 
(Kalia et al, 2001). The reduction in survival and greater sensitivity at 
higher mutagenic level has been attributed to various factors, such as 
inhibition of auxin synthesis or inability of cells to utilize the material 
available (Riley, 1954) or to cytogenetic damage and/or physiogical 
disturbances (Sato and Gaul, 1967), changes in the metabolic activity of 
the cells (Natarajan and Shivashankar, 1965), inhibitory effect of 
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mutagen (Sree Ramulu, 1972) and to disturbances of balance between 
promoters and inhibitors of growth regulators (Meherchandani, 1975). 
Meiotic Abnormalities: 
As a result of mutagenic treatments of chicory seeds with EMS and 
MMS, the plants showed varying degrees of meiotic irregularities like 
lowered chiasmata frequency, univalents, multivalent, stickiness, 
laggards, bridges, precocious separation of chromosomes, micronucleus 
and 5-nucleate condition which generally showed a dose dependent 
increase. A dose dependent increase in meiotic anomalies has also been 
observed by Nerker (1976) in khesari, Sadanandam and Subhash (1984) 
and Anis and Sharma (1997) in Capsicum annuum, Jayabalan and Rao 
(1987) in Lycopersicon esculentum, Malaviya and Shukla (1990) and 
Reddy and Annadurai (1992) in lentil. In the present study, MMS has 
been found to induce more number of meiotic anomalies than EMS. It is 
in agreement with Bhat et al. (2007) in Viciafaba. 
Univalents 
During the present course of study, univalents were of uniform 
occurrence and were present in all concentrations of MMS and higher 
concentrations of EMS in varying frequencies. Kumar and Tripathi 
(2004) believed that the chemical mutagen induce univalent formation 
through cryptic structural changes in some chromosomes which restrict 
paring and in this way reduce chiasma frequency. The EMS and MMS 
induce the changes at genie level by causing frame shift mutations and 
due to this heterozygocity the normal pairing might have been affected, 
which resulted in occurrence of some univalents and in extreme cases all 
univalents (18 univalents) in the pollen mother cells of treated 
populations. 
41 
Chiasma frequency 
The chiasma frequency decreased with increasing concentrations 
of both the mutagens, but the decrease was found to be more in MMS 
than in EMS in all doses. Sree Ramulu (1973), Sadanandam and Subhash 
(1984) and Jayabalan and Rao (1987) have also reported reduction in 
chiasma frequency. Lawrence (1961) working with Loliiim and 
Tradescantia concluded that the decrease in chiasma frequency following 
mutagenic treatments might possibly occur at two stages, viz. during 
DNA synthesis and sensitive period at/or slightly before the stages of 
chiasma formation. In the former case, the decrease in the frequency of 
chiasmata may be due to disturbance in the chromosome coiling, failure 
or restricted pairing at pachytene and delay in DNA synthesis, while in 
later case it may be affecting the process leading to chiasma formation. 
Multivalents 
Multivalents were formed at some higher doses of EMS and MMS 
but the frequency in MMS was higher. Tetravalents were more than 
trivalents. These may be attributed to pairing due to translocation and 
inversions. (Dixit and Dubey, 1986; Kumar and Sinha, 1991) or to partial 
homology between more than two chromosomes (Gaulden, 1987). 
Multivalents have also been reported by Reddy and Gupta (1989), Reddy 
et al. (1991) and Reddy and Annadurai (1992) in different plants. 
Stickiness: 
The cells showing stickiness of chromosomes at metaphase were 
slightly higher in MMS treated populations. This resulted in the 
formation of more than one group at metaphase-I and multipolar 
orientation at anaphase and telophase stages. This further resulted in the 
formation of 3 groups at telophase- I and more than four groups at 
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Telohase II stages. Stickiness have been reported in Nigella sativa b}-
Mitra and Bhowmik (1996) and Viciafaba by Bhat et al. (2005). Gaulden 
(1987) hypothesized that chromosome stickiness resulted from deficient 
or defective fianctioning of one or two types of non-histone chromosomal 
proteins. It might be caused by an abnormal product resulting from the 
interaction of a mutagen with functional proteins. 
Precocious separation: 
Precocious separation of chromosomes at metaphase was observed 
at higher concentrations of MMS only. According to Bose and Saha 
(1970) the reason for the precocious separation of univalents is 
desynapsis. Precocious separation has also been reported in fenugreek by 
Laxmi and Gupta (1982) and Lycopersicon esculentum by Jayabalan and 
Rao (1987). In the present material also the occurrence of univalents 
might have resulted in precocious separation. 
Besides the precocious separation of univalents the bivalents were 
also observed to move ahead and seemed as stray chromosomes at 
metaphase stage. This might have resulted in multipolar orientation or 
loss of the bivalent. The reason for the stray chromosomes might be the 
discrepancies in spindle formation. 
Bridges: 
The bridges were commonly observed at anaphase and telophase 
stages in present course of study. Sinha and Godward (1972) suggested 
that the paracentric inversion may lead to the formation of chromatin 
bridges at anaphase I/II and telophase I/II. According to Sax (1960), 
Saylor and Smith (1966), the formation of bridges can be due to failure of 
chiasmata in a bivalent to terminalize and the chromosomes get stretched 
between the poles. Moreover, it is also possible that bridges may result 
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due to stickiness of ctiromosome ends (Carlson, 1954, Sawamura, 1965; 
Sudhakaran, 1971). 
Laggards 
The laggards occurred in EMS and MMS treated populations. 
Their frequency in MMS was higher than in EMS. The occurrence of 
lagging chromosomes may be explained on the basis of abnormal spindle 
formation (Tarar and Dnyansagar, 1980). 
Tri and Multinucleate Conditions: 
Tri and multinucleate conditions were observed in the present 
study. It may be attributed to the arrangement of chromosomes in various 
groups at metaphase, then their tri and multi polar segregation at 
anaphase due to abnormal spindle formation which may lead to the 
formation of polyads during cytokinesis. 
5.3. POLLEN FERTILITY 
Although the pollen fertility decreased and sterility increased with 
the increasing concentrations of both EMS and MMS, but the sterility 
was higher in MMS than in EMS doses. The negative effect of mutagens 
on pollen fertility has also been reported in many plants by using EMS 
such as in pearl millet (Singh et al, 1978); in peas (Narsinghani and 
Kumar, 1978); in Vicia faba (Vandana and Dubey, 1988); in 
Lycopersicon esculentum (Zeerak, 1992) etc. Similar to EMS the MMS 
along with some other mutagens has the same negative effect on pollen 
fertility in wheat (Kali et al, 2001) and Vicia faba (Bhat et al., 2005). 
Rana and Swaminathan (1964) and Ramanna (1974) have reported 
that any deviation in karyokinesis or cytokinesis could produce non-
viable microspores. This is simply because of the fact that meiosis is 
more prone to any conceivable type of disturbances (Darlington, 1937, 
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Swanson, 1957). According to Zeerak (1992) pollen fertility reduction is 
caused due to chromosomal abnormalities and bear a linear relationship 
with the dose increase. 
It may further be added that meiotic aberration frequencies were 
lesser than the scored pollen sterility in MMS. Katiyar (1978) is of the 
opinion that it may be due to some undetectable cytological changes al 
molecular level. Das (1955, 1957) also stressed that in addition to 
chromosomal aberrations, some genie and physiological changes might 
have caused sterility. It may therefore, be assumed that in the chemically 
treated populations of Cichorium intybus L. cytological and physiological 
causes were responsible for the sterility of pollen grains. Moreover, since 
EMS and MMS are monofunctional alkylating agents and cause frame 
shift mutations, the changed protein product as a result of changes in 
amino acid sequences might have affected the fertility of pollen grains. 
5.4. PLANT HEIGHT 
The average height of mature plants in treated populations of 
chicory decreased with increasing concentrations of mutagens, fhe 
decrease in height in EMS treatment was insignificant in all its 
concentrations except in 0.85% (the maximum dose), whereas in MMS 
treated population the decrease was found to be significant at 1% level in 
all concentrations except the lowest dose. Coefficient of variations was 
also found to be comparatively higher in higher concentrations of MMS. 
Reduced plant height due to mutagenic treatments was also 
observed by many workers, such as Khan et al. (1987) in mungbean by 
MMS, Filippetti and De Pace (1986) in Vicia faba by gamma rays and 
EMS, Sinha and Joshi (1986) and Viswanathan et al. (1996) in hexaploid 
Triticale by gamma rays and EMS, Ibrahim et al. (1989) in black beny 
by gamma rays and EMS, Laxmi and Gupta (1983) in Trigonella foenum 
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graecum by EMS alone and also by Jain and Agarwal (1993) by using 
EMS and MMS. 
The reason for the growth depression has been reported due to 
disruption and disorganization of the tunical layer (Chauhan and Singh, 
1975) and destruction and decrease in auxin synthesis (Riley, 1954). 
The reduced plant height may also be due to the presence of mitotic 
inhibitors in meristematic regions (Gunkel, 1957; Natarajan, 1958) and 
changes in the specific activity of several enzymes (Cherry et ai, 1962) 
in the mutagen treated populations. 
5.5 YIELD 
The yield parameters viz. number of heads per plant, number of 
flowers per head, total number of seeds per plant, weight of seeds per 
plant and 100-seed weight increased in EMS with increasing 
concentrations. The main reason, for the increase in number and weight 
of seeds per plant, was the significant increase in number of branches and 
heads per plant over control. Moreover, EMS exhibited a significant 
enhancing effect on 100-seed weight in its higher concentrations 
particularly due to increased size of the seeds. 
Such an increasing trend in yield parameters have also been 
reported by various authors such as, Sinha and Joshi (1986) and 
Viswanathan et al. (1989) in Triticale, Khan (1988) in mungbean, 
Ibrahim et al. (1989) in black berry, Kalia et al. (2000) in wheat, 
Sengupta and Datta (2004) in Brassicajuncea. 
The reason for the increased yield in EMS treated population may 
be attributed to the enhancing effect (Jahagirdar, 1975; Kothekar, 1983) 
and growth regulatory effect of mutagen (Audus, 1961). 
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On the other hand MMS treated population showed a significant 
decrease in number and weight of seeds per plant because of 
simultaneous decrease in plant height and branching. Moreover, the 
decrease in 100-seed weight in MMS was significant at 5% level in the 
higher doses as a result of slight decrease in seed size. The decrease in 
yield by MMS has also been reported in Trigonella foenum graecum by 
Jain and Agarwal (1993). However, the number of flowers per head did 
not show significant variations both in EMS and MMS, because there was 
no variation in head size. Only the number of heads per plant increased in 
EMS and decreased in MMS. 
The reason for the reduction in yield even in lower concentrations 
of MMS may be due to its highly genotoxic nature, which might have 
resulted in physiological disturbances, chromosomal damage, failure or 
restricted pairing, delay in DNA synthesis and/or disturbed spindle 
formation and high pollen sterility. 
5.6 VARIATIONS IN LEAF MORPHOLOGY 
Variations in shape, size and orientation of cotyledonary and 
vegetative leaves, such as notching, poor development, unequal size and 
rudimentary conditions were the common effects of EMS and MMS in 
chicory. Similar abnormalities have also been induced by other authors in 
Trigonella foenum graecum by EMS and MMS (Jain and Agarwal, 1993) 
and in faba bean by EMS (Yasin, 1996). 
Altered orientation as well as fusion of two leaf blades to form 
different shapes at seedling stage as commonly observed in EMS treated 
population of chicory have also been reported in triticale (Reddy and 
Gupta, 1989; Edwin and Reddy, 1991). The dose dependent increase in 
the frequencies of leaf variations was common in EMS and MMS, but the 
cotyledonary leaf variations were higher in MMS, while vegetative leaf 
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variations were liigher in EMS. Tiie difference in frequencies of leaf 
mutations may be due to the number of genes witli pleiotropic effect 
(Sjodin, 1971). 
It has been reported by earlier authors that anomaly in the 
proportion of growth hormones in treated materials may be responsible 
for cotyledonary abnormalities (Napp-Zinn, 1955). On the other hand 
Hagen and Gunckel (1958) found in general that where leaf abnormalities 
occurred there was a concomitant increase in the free amino acid content 
in these leaves. The amino acid might have been produced in variable 
quantities in Cichorium intybus causing leaf variations in the present 
experiment. 
The production of abnormal leaf types in treated populations may 
also be attributed to disbalance of internal growth regulators like lAA, 
induced by the action of mutagens or may be sequel to the primary or 
secondary effects of free radicals caused by the mutagens (Lea, 1955) 
affecting the DNA directly or indirectly. 
Grover and Virke (1984) and Venkateswarlu et al. (1988) 
explained it on chromosome level and considered that morphological 
aberrations observed could be due to chromosomal alterations. Since 
significant chromosomal abnormalities have been observed in Cichorium 
intybus, the same may be responsible for induction of leaf variations. 
5.7 CHLOROPHYLL MUTATIONS 
Chlorophyll mutations, although not useful for plant breeding 
purposes, but have been used as one of the measures of the mutagenic 
effects. In the present study two types of chlorophyll mutations viz. 
Xantha and Tigrina have been isolated in higher doses of EMS. Several 
authors have also reported induction of chlorophyll mutations by 
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treatment of EMS in several plants, such as in barley and wheal 
(Swaminathan et al, 1962), Triticale (Reddy and Gupta, 1989 and Reddy 
and Revathi, 1991), rice (Reddi and Suneetha, 1992), lentil (Tripathi and 
Dubey, 1992), blackgram (Vanniarajan et al., 1993), Vicia faba (Yasin, 
1996), cowpea (Raveendran and Jayabalan, 1997), Lathyrus salivus 
(Waghmare and Mehra, 2001) and Phaseolus lunatus (Kumar et al., 
2003). 
Many workers have tried to find out the mechanism of induction of 
chlorophyll mutations in plants. The preferential action of EMS on genes 
for chlorophyll development (Varghese and Swaminathan, 1968) or 
preferential effect of EMS on guanine in the GC rich Chlorophyll genome 
(Heslot et al., 1959) may be responsible for high frequency of chlorophyll 
mutations in EMS treated populations. 
According to Shakvemikova et al. (1976) the difference in 
chlorophyll mutation frequencies and spectrum depends upon the 
interaction of three factors, namely plant genotype, physiological state of 
organism and the duration of treatment. These factors may be responsible 
for different frequencies in different doses of EMS in Cichorium also. 
According to Kunzel and Scholz (1968) the chlorophyll deficiency 
chimeras might arise from mitodc combination and gene conversion. 
Moreover, Reddy and Annadurai (1991) reported that chlorophyll 
mutations are monogenic and recessive in nature, therefore any change in 
that particular gene may result in chlorophyll variations. 
5.8 ROOT VARIATIONS 
The variations induced by EMS and MMS in roots have also been 
undertaken in the present work by analyzing following root parameters 
viz. root length and biomass. In both EMS and MMS root length showed 
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decreasing trend with increasing concentrations of the mutagens. 
However, the decrease in root length in EMS was insignificant but in 
MMS was significant at 5% level in higher concentrations. The reason for 
decrease in root length may be due to the presence of mitotic inhibitors in 
meristematic regions. 
Though the root length decreased in EMS, but due to increase in 
the diameter of main roots as well as thickness, number and size of lateral 
roots the fresh and dry root weight increased significantly in higher doses. 
The increased root biomass have also been reported in hypoxanthine 
treated Vigna radiata (Mahna et al., 1993). On the other hand MMS 
treated populations showed a decrease in fresh and dry root biomass due 
to significant decrease in root length. As a consequence of frame shift 
mutations caused by these monoflinctional alkylating agents (EMS and 
MMS), the enzymes and hormones might have affected and expressed in 
terms of change in root biomass in either directions. 
The root variation frequency increased with increasing 
concentrations of MMS and EMS, but it was higher in MMS as compared 
to those in EMS. Though the variation frequency was comparatively 
lower in EMS treated plants but the variants whatsoever, obtained in 
EMS exhibited higher biomass. 
On the basis of the present investigation and discussion it may be 
concluded that both EMS and MMS have a very significant mutagenic 
potential in causing variations in Cichorium intybus L. Several habit, root 
and chlorophyll variants have been scored in the present study. The 
variants scored in EMS were more bushy with more number of heads per 
plant and increased root biomass. Whereas in MMS treated populations 
plants were obtained with reduced height, branching and root biomass. 
Since EMS and MMS cause frame shift mutations, therefore the source 
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behind all these variations may be at genic/DNA level. Moreover, 
significant cytological and morphological variations induced through 
EMS as well as MMS provide enough scope for further improvement in 
this medicinal plant through mutagenesis programme. 
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SUMMARY 
The effect of EMS and MMS on seed germination, seedling and 
plant growth, meiotic chromosomes, pollen fertility and yield of 
Cichorium intybus L. has been studied in Mi generation. The findings are 
summarized below: 
1. The germination, plant survival and pollen fertility decreased with 
increasing concentrations of EMS and MMS. The reduction in 
these biological parameters was more in MMS than EMS. 
2. Various abnormalities were observed in cotyledonary and first pair 
of vegetafive leaves like unequal size, rudimentary leaves, notched 
leaves, decreased angles, fusion of leaves at base upto half of the 
length forming cup-shaped structure or even upto VA length forming 
a heart shaped structure in the treated population of chicory. 
3. Older seedlings exhibited morphological variations (habit variants, 
root variants, chlorophyll variants) with varied frequencies in 
different concentrafions of EMS and MMS. 
4. The variants like bushy, higher yield and root biomass have been 
scored in EMS. Moreover, chlorophyll variants of two types 
Xantha and Tigrina have also been isolated in higher 
concentrations of EMS. 
5. In MMS treated populafions dwarf variants with decreased number 
of branches or even without branches, decreased root biomass and 
yield have been obtained. 
6. Different types of meiofic abnormalities were also observed in 
treated populations in different frequencies (bivalents, multivalents, 
formation of bridges, laggards, sfickiness, etc.). 
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7. Mathematical and statistical analysis of the data, recorded in Mi 
generation, particularly seed germination, pollen fertility, yield and 
root variations, chromosomal configurations etc., have been carried 
out to establish the statistical relationship between different 
concentrations of EMS and MMS and different cytomorphological 
abnormalities of Cichorium intybus L. 
8. Moreover similar types of works have been reviewed and possible 
reasons behind these variations have been discussed. 
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FUTURE PLAN OF WORK 
The work of mutagenesis in C intybus L. has been carried out by 
the treatment of chemical mutagens EMS & MMS. Important variants 
have been obtained in Mi generation and their morphological as well as 
cytological characters have been studied. There are further possibilities of 
extending the work in future. Therefore fiiture plan of work is 
summerised as mentioned below. 
1. Attempts will be made to obtain improved mutants/variants 
through induction of mutations. The variants obtained in Mi have 
been selected separately and their seeds would be sown in M2, 
where true (recessive mutants) will be detected and maintained 
separately on the basis of change in habit, seedling & plant 
morphology, branching, flowering, fruiting yield, seed and root 
morphology, cytogenetic studies etc.. 
2. The seeds obtained from M2 selected mutants as well as from 
general treated populations will be sown in M3 generation to find 
out segregations, if any, and to establish true mutants. In every 
generation the inflorescences will be selfed to maintain 
homozygosity. 
3. Efficiency & effectiveness of mutagens on the basis of 
morphological & cytological parameters would be accessed in M2 
generation. 
4. Production of polyploids via colchicine treatment will be attempted 
to obtain quality, bigger seeds & high yield. 
5. Cytogenetic studies of control, randomly selected plants of treated 
populations, selected mutants & cochiploids will be carried out in 
detail in M2 & M3 generations. 
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6. Data recorded in M], M2, & M3 generations will be subjected to 
statistical analysis to establish various relationships & estimation 
of micromutaions. 
7. Estimation of inulin & other important chemical contents in root 
mutants as compared to control will be carried out. 
8. Mutants obtained in M3 generation will be subjected to DNA 
profiling and further molecular studies. 
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